The autocatalytic effect of the reduction p roducts of some selected Schiff bases on th eir reduction on copper and lead cathodes was investigated. The repitition of reduction efficiency m easurem ents in the sam e solution an d th e p re-treatm en t of th e cathode or th e solution by electrolysis confirmed th e au to cataly tic effect of th e produced secondary amines. D ifferent am ines were te ste d as extern al catalysts.
Introduction
In a recent communication, we have indicated that secondary amines produced in the reduction of Schiff bases exert some catalytic effect on the reduction process of these compounds1. Similar observation was reported by Rapson et a l. 2 and by Leibzen and coworkers3. In extention of this work, we have investigated the reducibility (reduction efficiency) of twelve different Schiff bases in order to determine the role of the produced secondary amines as catalysts in the reduction of C = N bonds.
Experimental
The cell and the circuit used throughout this work were described earlier1. The reduction efficiency was estimated by measuring the quantity o f hydrogen evolved on the cathode and comparing it with that evolved in a hydrogen coulometer connected in series with the electrolytic cell.
where Vh is the hydrogen volume in the coulometer, Vh' is the volume of hydrogen evolved on the cathode and rj is the reduction efficiency.
The potentials of reduction of the studied Schiff bases were measured against a saturated calomel reference electrode by a cathodic voltmeter.
Results and Discussion
The Schiff bases selected for this study were derived from aromatic amines and aromatic alde hydes :
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It was noticed that the reduction efficiency of any of these compounds, at a given current, increases by time at the beginning and then levels off. Since the reduction efficiency is a reasonable measure of the ease of reduction, it follows that the rate of the reduction increases with time at the beginning of the reaction. This behaviour may be attributed to the catalytic effect of the secondary amines produced by reduction of the Schiff bases. Of course, it is expected that this effect would be high at the beginning and then levels off after accumulation of the amine.
It is reported earlier that quaternary ammonium salts are capable of acceleration of the reduction of some organic compounds, especially those contain ing double bonds4. Thus, it can be safely concluded that the secondary amines formed by reduction of the Schilf bases were converted in the acid medium to the quaternary ammonium salts which may be adsorbed directly as formed on the copper cathode. This is supported by the finding that the reduction efficiency increases by pre-treating the cathode. Pretreatment of the cathode was accomplished by dipping in a solution of benzalaniline (5) and allowing the current to pass through for 20 min. When this electrode was used without washing for determination of the reduction efficiency of benzal aniline, it was found that the efficiency increased from 12% (using the clean electrode) to 22%. This may indicate that benzyl phenyl amine which ma}^ be adsorbed on the surface of the electrode during the pretreatment catalyses the reduction of benzal aniline. Furthermore, the reduction efficiency of the same compound was found to increase from 12% to 16% by addition of 10% benzyl phenyl amine to the electrolyte. This supports further the suggestion that secondary amines produced during the reduction of Schiff bases, most probably adsorbed on the surface of the cathode in the form of the quaternary ammonium salts, exert appreciable catalytic effect on the reduction of Schiff bases. Similar results were obtained using a lead cathode (cf . Table II Table III shows the reduction efficiency measure ments carried out on a copper cathode in fresh solutions and in solutions pretreated by electrolysis on lead or zinc cathodes for 20 min at 10 mA. In agreement with the earlier results, the reduction efficiencies of the pretreated solutions are appre- Table I ciably higher than those of the corresponding fresh solutions. This is undoubtedly due to the presence of catalytic amounts of secondary amines in the pretreated solutions. It seemed of interest to find out whether other secondary amines exert a similar effect. Thus, the effect of added amines on the reducibility of Schiff bases was determined and the results are shown in Table IV . It is clear from Table IV that some amines do increase the reduction efficiency whereas some others have no effect or may even decrease it. This suggests that the effect of secondary amines on the reducibility of Schiff bases is highly specific. This is in agreement with the results reported earlier for electroreduction of nitro compounds, where the catalytic effect was found to be very specific to the reducible compounds and does not depend on any of the known properties of the added am ines7. The effect of the solvents on the course of the reaction was also studied. It was found that the ratio of water to ethanol plays a determining role in the reduction of the azomethine group on copper cathodes. The higher the alcohol content of the solvent, the lower is the reduction efficiency. Moreover, the reduction efficiency of 1 was found to be = 0 .0 0 % at all possible currents when measured in alcohol/water (2:1), whereas in equivolumes of alcohol and water the reduction effi ciency increased to 20% at 5 mA.
In all the studied compounds, the autocatalytic effect was found to decrease by increasing the alcohol/water ratio. This clearly illustrates the role of protonation in the reduction of Schiff bases and the effect of alcohol on the adsorption of quaternary ammonium cations.
